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Abstract.Microbialfilterswith and withoutreeds(Phragmitescommunis)

wereused todegrade aromaticand aliphaticorganicson the EPA prioritypol-

lutantlist.The initialconcentrationsofthe organicswere inthe range of 400-

1000pgl£. The contaminated riverwater was treatedunder batchconditions.
The river water containedsufficientdissolvedoxygen to sustainaerobiccondi-

tions.The plant-freemicrobialfdtereffectedthe removal of 61-99% of the

aromaticcompounds in24 hrsand 39-81% ofthe aliphatics.The reed/mlcrobial

filter system improved the removal rates to 81->99% for the aromatics and 49-
93% for the aliphatics in 24 hrs.

Additional Index Words. microbial falter, reed, Phragmites communis,

pdority pollutants.
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Introduction.Many studieshave demonstrated the abilityofmicroorgan-

ismsunder definedconditionsto degrade aromatic hydrocarbons (Eaton &

Ribbons,1982;Gibson,1971and 1977;Keyeer eteL.,1976;Tabak eteL, 1981}.

Degradationofhalogenatedaliphaticsseems to be'rSoreeasilyaccomplished
underanaerobicoranoxicconditions(Bouwer and McCarty, 1983 A & B; Bou-

weteteL,1981).RecentlyWilson and Wilson {1985}found evidenceforthe aer-

oblcdegradationoftrichloroethylene.Harber etal.{1983}found thatmethy-

lotmphicbacteriaarecapableofoxidizingmany halogenatedmethanes aswell

assome aromatic hydrocarbon derivatives.

In most of the above studies, microorganisms, especiallyof the

Pseudomonas genus,were eitherisolatedfrom a situationwhich had been con-
taminatedfor some time with toxicorganics of interestor were gradually

: adaptedtoutilizethe organicsas a partialor totalsourceofcarbon.Microor-

ganismscan adapt to utilizenew carbon sourcesby a processof recruiting

Itmmtch rmult4 ob_ through • joint agrNm._t betw_ea tho National A_onautics and Space
Admin_tration and the U. S. Environmm_tal Protection A4gency undm" the EPA/NASA Sub.Agree-
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various genes from existing plasmids to make new plasmids which code for

enzymes necessary to convert the carbon sources into compounds useful for

energy and cellmass synthesis (Kellogg et uL, 1981}. Biological processing

techniques have been developed which enable adapted microorganisms to be re-

tained in the biological treatment unit for periods much greater than the hy-

draulic retention time. Young axid McCarty (1969} were the firstto demon-

stratethe effectivenessof anaerobic filtersor biofilms for domestic wastewater

treatment. Further technology in thisarea has been expanded by Rittman and

McCarty (1980), Wolverton (1982}0 and Wolverton et aL {1983}. The microbial

filtersdeveloped by Wolverton (1982} also supported growth of the common-

reed (Phragrnites communis) which enhanced the overall removal rate of the

filter.Wolverton and McDonald (1981} demonstrated that a reed/microbial fil.

tersystem could remove 93% of the phenol in a 100 mgl£ solution in 24 hours.

To further evaluate the utility of microbial fdters, a microbial filter was

used to biotransform organics cited on the U. S. EPA priority pollutant list

(Government Institutes, Inc., 1985). In addition, an identical microbial fdter

system supporting growth of the common reed (Phragmites communis} was

studied simultaneously to assess the additional benefit of using vascular

aquatic plants to remove organics and/or their metabolic breakdown products
from microbial action on the priority pollutants.

Material and Methods. Experimental Systems. A fiberglas tank was used

to mix the organics with fresh river water drawn from the East Pearl River at
the National Space Technology Laboratories, Mi_sissippL To contaminate the

river wg_er, a concentrated mixture of organics was prepared in methanol
which was added to the river water. The contaminated river water was pumped
from the tank into the two microbial fdters in a batch-type operation. Conse-

quently, the initial concentrations of organics introduced into both filters were
the same.

The microbial filters were troughs, 50.5 cm W x 30.5 crn D x 298 cm L,

made of galvanized steel and filled to a depth of 16 cm with rocks (2.5-7.5 cm in
diameter) with a top layer of pea gravel (0.25-1.3 cm in diameter) 5 cm deep.

Each filter was approximately 2 years old and had been used in other evalua-

tions with domestic wastewater. Therefore, the filters already contained an

active biofilm. The reeds were well established with their root systems exten-

sively enmeshed within the filter.

Immediately precoeding each new run, the troughs were drained, and new

contaminated river water was introduced. Samples were collected via a bottom

valve. Samples were removed initially from the mixing tank, and later at 4 and

24 hr exposure intervals. Data was collected for a total of 48 runs.

Experimental Procedures. Background data on the initial and 24 hr

samples was obtained by analyzing for pH, total suspended solids (TSS), total

dissolved solids {TDS), total phosphorus {TP), total kjeldahl nitrogen (TKN),

total organic carbon (TOC}, and chemical oxygen demand {COD) (American
Public Health Association, 1981).
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The purgeable organicswere analyzed with automated purge and trap

equipment and gas chromatograph usingan FID and 6 ftx 114inglasscolumn

packed with 60180Carbopak B, 1% SP-1000. The base/neutralextractableor-

gardcswere analyzedaccordingtoLongbottom and Lichtenberg(1982}usinga

methylene chlorideextractionand concentrationprocedureand gas chromato-

graph equipped with an FID and a 6 ftx I/4 in glasscolumn packed with

100/120Supelcoport,3% SP-2250.

Resultsand Discussion.The filtersused in thisstudy were two years old

and had been used inotherprojectsinvolvedwith thestabilizationofdomestic

wastewater by thisprocess.Therefore,the filtersurfaceswere well covered

withan activebiofilm.The existingmicroflorawere acclimatedforthisstudy

by adding the organicconcentrateinriverwater tothefiltersfivedays a week

for one month prior to data collection.

Background data on the river water over the experimental period is shown
in Table 1. The COD is mainly due to the methanol used to make up the organic
concentratemixture.Sufficientconcentratewas added totheriverwater prior

tomixing toachieve-a1000 pg/f. concentrationof each organic. However,
some was lostduringthe mixing process,and consequentlythe initialsamples

obtainedjustpriortointroducingthe water intothetroughsreflectlowercon-

centrations.

Table I.Background data on initialand final(24hr}samplesfrom thetwo filter

systems.

Parameter

Concentration, mg/_.

Initial Final

Without reed With reed

pH (Std units} 7.1 7.1 6.9

DO 7.2 2.5 2.4

Ternp, ocl 24.2 21.7 21.8

TOC 110.6 47.0 41.6

TSS 6.9 7.0 4.6

TDS 103.8 117.2 112.1

TP 1.1 1.4 1.I

TKN 2.8 3.2 2.7

COD 747.4 334.1 317.0

lwater temp.
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The spikedriverwater containedan averageinitialdissolvedoxygen {DO)

concentrationof 7.2mg/_. The systems were stillaerobicafter24 hrs.How-

ever,biotransformationofthe added organicswas slow afterthe first4 hrs of

exposure.

Data foralltheorganicscan be found inTables2 & 3.Loss due tovolatili-

zationappearsto have been relativelyminor when analyzingthe data forthe
most volatileorganics(Henry law constant,H>3500 torrM "1)such as ben-

zene,ethylbenzene,and chloroform.For example,withoutreedsthe initialben-
zeneconcentrationwas reduced58% from 721.4to302.0pg/£ inthe fu'st4 hrs

and only by another16% from 302,0 to 254.8/_g/_ over the 20 hr periodbe-
tween the 4 and 24 hr samples, respectively.Ethylbenzene showed a similar

patternwith 62% removal inthe first4 hrs and 11% inthenext 20 hrs.Chloro-
form exhibiteda 47% reductioninthe i'u'st4 hrs,and over the next 20 hr treat-

ment periodan additional20% reductionwas seen.A sterilecontroltoobtain

absolutecontrolresultsofvolatilizationwas impossibleto deviseconsidering
the sizeand environment of the falters.'

The data in Table 2 shows that biotransformationof the organicswas

most rapidinthefirst4 hrs.The initialrapidkineticscorrespondtothe period

ofhighestDO concentrations.Aerobic metabolism of chlorinatedaromatics
such aschlorobenzenehas been shown torequireas littleas20 rainfor95% re-

moval of initialconcentrationsof 10 pgl£ when the DO ismaintained at 5

mglJ_ (Bouwer and McCarty, 1981).In the study by Bouwer and McCarty

{1981),thechlorinatedaromaticswere utilizedassecondarysubstrates.

The microbialf'dtersystem withoutreedseffectedtheremovalof61-99% of

the aromatichydrocarbons in24 }us and 39_1% of thechlorinatedaliphatics

{Table2).The reed/microbialfiltersystem improved the removal ratesto81-

>99% for the aromatics and 49-93% for the aliphatics{Table 3). Complete

mineralizationofthe organicscannot be deduced from the data because only

the concentrationsof the parent compounds were monitored.

The growth ofreedswithinthe filterbeds made a noticeabledifferencein

the data.Two possibleexplanationsare that the reedsdirectlyabsorbed a

fractionof the organicsor that the reeds absorbed organicsthat were intex-

mediatesin themicrobialdegradativepathways and caused a shiftin equili-

bfiurntowards product formation. '

Both fdtersystems demonstrated significantremovalsofthe halogenated

aliphatichydrocarbons.Bouwer and McCarty {1981and 1983a}found no aero-
bicdegradationof chloroform,1,1,1,-tHchoroethane,and tetrachloroethylene.

However, inthereviewby Harber etal.(1983),severalaerobicmicroorganisms

have been identifiedthat can utilizehalogenated l-carboncompounds. Re-

searchby Wilsonand Wilson (1985)demonstrated thattrichloroethylenecould

he aerobicallydegraded.

The upper limitconcentrationsof the 24 hr effluentsamples at the 95%

confidencelevel|Pffi(}.95}are shown inTable 4.The average statisticalupper
limitof dischargefor the reed/microbialfilterwas 36% and 28% lower for

aromaticand aliphatichydrocarbons,respectively,than forthe plant-freemi-
crobialfilter.
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Table 4. Upper limit (U) concentrations (P=0.95) for the organicsafter 24 hour
exposure periods.

Organic U, _g/£ @ 24 hr. (P=0.95)

Without reed With reed
Additional reduction

with reeds,%

AROMATICS:
Benzene 425.3 261.8 38

Bipheny] 127.6 90.2 29

Chlorobenzene 857.3 229.6 36

Dimethylphthalate 660.6 320.4 43

Ethylbenzene 261.2 130.3 50

Naphthalene 149.1 122.9 18

p-Nitrotoluene I9.0 8.0 58

Toluene 219.0 156.6 28

p-Xylene 224.5 170.8 24

ALIPATHICS:
Bromoform 347.7 134.3 61

Chloroform 632.0 648.5 13

1,2-Dicldoroethane 789.9 689.0 13

Tetrachloroethylene 369.4 248.3 • 33

l,l,l,-Trichloroethane 561.9 443.7 21

In conclusion, this study has demonstrated the potential of a combination
of reeds and biofilms to biodegrade hazardous organic compounds from natural

fresh water bodies. A properly acclimated system can biodegrade both
aromatic derivatives and halogenated aliphatic compounds at the same time.
On an average, the systems each fete/red 9,717 _g/£ of mixed chemicals sp/k-
ed in river water. The reed/microbial filter reduced the mixed chemical con-

centratlon overal| by 81% in 24 hrs, and the plant-free microbial filter reduced it
by 70% in the same period.
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